Introduction.
Molecular structure and dynamics of lyotropic liquid crystals are not yet completely understood. NMR is one of the methods which can be successfully used for this purpose. NMR studies of several lyotropic mesophases [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] have been published by now. The field has been recently reviewed by Charvolin et al. [14] . Because solvent the linewidth and spin-relaxation problem in lyotropic liquid crystals is considerably more complex in comparison with thermotropic mesophases. In addition to the aggregates of « infinite » length (lamellar, hexagonal phase), lyotropic mesophases with finite aggregates have been found [15] . Depending on the temperature and composition, finite aggregates -micelles -can be either spherical forming an isotropic phase, or they take the shape of discs or cylinders forming nematic lyotropic phases with properties similar to those of thermotropic nematics. Recently several investigations have been devoted to the lamellar -discotic nematic phase transition [16] [17] [18] and to the transition of the discotic nematic phase via the biaxial nematic phase into the cylindrical [6, 19, 20] .
The homogeneous orientational ordering of nematic lyotropic phases can be achieved either by the magnetic field in the case of positive diamagnetic anisotropy (cylinders), or together with the spinning around the axis perpendicular to the magnetic field in the case of the negative diamagnetic anisotropy (discs). Lyo [25] . As it is less dramatically affected by the shape and the size of micelles it is not treated in this paper. The particular effects of translational diffusion along curved surfaces on the DMR line shape have been earlier described by Charvolin [16, 26] for the lamellar and hexagonal phase, and by Chidichimo et al. [12] for the ribbon phase.
Parts of this paper have been presented at the Conferences in Bovec, 1984 [27] (Fig. 1) , r is the actual distance between two protons, and s stands for the reduction factor which includes averaging over conformational changes and orientational fluctuations of the alkyl chain.
Here P(t) denotes the angle between the average molecular axis direction and the instant direction of the interproton vector r. The above expression can be easily obtained using the well known transformation properties of spherical harmonics of it is assumed that the fast rotation of the interproton vector r around molecular stretching axis is uniform and independent of the fluctuations of the angle P(t). The intramicellar reduction factor s is expected to be the same for all types of aggregates under study.
The average direction M of the long molecular axis is everywhere orthogonal to the micellar interface. Translational diffusion of the molecule along the curved surface is therefore accompanied by molecular reorientation (Fig. 2) [30] :
The solution of equation (3) given by equations (1) , for the TR process in a spherical micelle :
The time dependence of autocorrelation functions for different k is described by a single correlation time It falls into the region 5 x 10 -' s to 5 x 10-9 s if we assume Ds ; Dlamellar " 10-7 to l0-6 Cm2/S. [31] for all values of k (k = 0, 1, 2). Using expressions (6) and (8) we obtain the TR contribution to the relaxation rates in a spherical micelle and A competitive relaxation process due to the rotational diffusion of the micelle as a whole is as well described by equations (9) (Fig. 2b) , which is expected to be a good approximation except in the vicinity of the phase transition to the biaxial phase [6] . The rotation induced by molecular translational self-diffusion in the central, cylindrical part of the micelle differs from the one in the hemispherical caps. The TR process in the central part of the cylinder (Fig. 2b In hemispherical caps of micelles, on the other hand, we assume that the TR process can be described in the same way as in spherical micelles by equations (3) (4) (5) and by the corresponding autocorrelation functions of the dipolar interaction given by equations (6 relaxation rates for the molecules in the hemispherical caps of the micelle are the same as in the spherical micelle and therefore given by equations (9) .
As mentioned before, (Ti ')rph and lp have no angular dependence ; -relaxation rates in the cylindrical part can be evaluated using autocorrelation functions given by equation (14) . Taking into account the transformation properties of spherical harmonics [33] [29] . Normals to discs are nearly parallel and in this particular mixture aligned perpendicular to the magnetic field. More extraordinary lyotropic discotic phases with nematic director parallel to the magnetic field have been found as well [9] . The average distance between micellar centres is N 37 A along their symmetry axes and -72 A in the perpendicular direction for the mixture mentioned above [29] .
We describe the discotic micelle by a rigid disc with a central lamellar part surrounded by a curved edge which is the outer surface of a toroid (Fig. 2c) . Such a description is expected to be satisfactory except in the nearest vicinity of the phase transitions to the lamellar [16] or biaxial nematic phase [6] .
The TR process in discotic micelles is confined to the curved edge of the micelle (Fig. 2c) . The molecules therein undergo two types of rotation : -a rotation induced by radial motion in « q/ direction » (see Fig. 2c ), similar to the TR process in cylinders, -a rotation induced by tangential motion (in the plane parallel to the principal symmetry plane of the disc), which is at least three times slower than the radial one.
In the first approximation both motions can be assumed to be independent and we can write where D' is again given by 4 D'Id' and D" = 4 D"la 2
Here we assume that the radius al2 is so large that D" used in cylindrical case for the direction of zero curvature can be used The solution which at t = 0 yields the function 6(T' -o') 6(41 -t/J 0) can be for an arbitrary time written as where P(q/ -o', t) is given by equation (13) and P(4( -t/1o, t) by the same expression where q&#x3E; is substituted by 0 and DL by D" Now we choose the magnetic field B parallel to the disc symmetry axis (Fig. 2c) If there is a fast exchange of molecules between two parts of the micelle all protons have the same relaxation rate, which is given by equations (25a) or (25b) but reduced for a factor Ed. It should be stressed that the effectiveness of the TR mechanism strongly decreases with increasing ratio ald (Fig. 5) . For [21, 22] even in the case of restricted diffusion [25] . The relaxation induced by the TR process can be used for the determination of the diffusion constants and of the micellar anisotropy (if it is not larger than about 10). The relaxation induced by the TR process could be masked by a competing relaxation mechanism, Brownian micellar rotation, only in the cases when intermicellar distances become larger than a typical bilayer thickness and when the micelles have small anisotropy.
The NMR line shape strongly depends on the micellar anisotropy and orientational order in systems with relatively small micelles. Unfortunately, both parameters, i.e. micellar anisotropy and orientational order, cannot be determined from the line shape data alone.
The only today existing experimental evidence where the theory of the TR process, developed in this paper, can be applied are the DMR line splittings obtained in relatively limited temperature and concentration regions [4, 6] . Saupe et ale explained the behaviour of the DMR splitting in the vicinity of the biaxial nematic phase using Landau expansion of the free energy based on the molecular (not micellar) order parameter. Using previously mentioned micellar sizes together with our formulae (17) and (24) one can find Sc/Sd '" 2 ba),,,I/ba)dir ,, where both ðWcYl and ba)dise for B parallel to the aggregates' symmetry axes must be used. From the available DMR data [4, 6] one finds then Sc/Sd '" 2, except near the phase transition. In this way estimated higher order in the cylindrical nematic phase than in the discotic seems to be consistent with larger anisotropy of the corresponding micelles.
It should be mentioned that the theory evaluated in this paper can be easily extended to phases with other types of aggregates : lamellar phases with holes or other local fluctuations of the interfacial curvature [16, 34] , phases with distorted discs and cylinders [6, 16] , ripple phases, ribbon phases, hexagonal and cubic lyotropic phases.
